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To determine which morphologic features are associated 
with early death, the complete echocardiograms and med- 
ical records of 16 consecutive patients with Ebsteht’s anom- 
aly and concordant atrioventricular connections who pre- 
sented in the fetal (n = 5) or neonatal (n = 11) period were 
reviewed. The cohort was classified into two groups on the 
basis of survival at 3 months. Group 1 consisted of seven 
patients who died at 13 months of age, and Group 2 
consisted of the nine surviving patients. 
Comparing Groups 1 and 2, the respective incidence 
rates of morphologic features that correlated with early 
death (p < 0.05) included tethered distal attachments of the 
anterosuperior tricuspid leaflet (86% versus ll%), right 
ventricular dysplasia (86% versus 0%), left ventricular 
compression by right heart dilation (71% versus 11%) and 
the area of the combined right atrium and atriaiized right 
ventricle being greater than the combined area of the 
functional right ventricle, left atrium and left ventricle 
(57% versus 0%) measured in the apical four chamber 
view. Right ventricular dysplasia was present in all patients 
with marked right atria1 and atrialized right ventricular 
enlargement, in 86% of patients with tethered anterior 
leaflets and in 83% of those with left ventricular compres- 
sion; 86% of patients with right ventricular dysplasia had 
tethered distal attachments. 
In conclusion, echocardiography defines morphologic 
features in the fetus and neonate that are highly predictive 
of death by 3 months of age. 
(J Am Co11 Cardiol1989;14:1300-7) 
Ebstein’s anomaly is characterized by various degrees of 
inferior displacement of the proximal attachments of the 
tricuspid valve leaflets from the atrioventricular (AV) valve 
ring, tricuspid valve dysplasia, right ventricular dysplasia 
and abnormalities of the distal attachments of the tricuspid 
valve (l-6). These deformities, in widely different degrees of 
severity, cause or are associated with a variety of hemody- 
namic alterations leading to cyanosis, congestive heart fail- 
ure and arrhythmias. Several reports (7-13) have defined the 
clinical and morphologic features of prognostic significance. 
Recently, more attention has been devoted to the impor- 
tance of the distal attachments of the anterosuperior leaflet 
of the tricuspid valve, defined by echocardiographic analysis 
(11,12), angiography (13) and pathologic examination (6), as 
major determinants of the severity of hemodynamic alter- 
ations, clinical outcome and type of surgical repair. 
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These reports have highlighted the findings in groups 
consisting mainly of older patients. Our population of pa- 
tients with Ebstein’s anomaly presents at a much earlier 
median age. Therefore, we examined the morphologic and 
clinical features of Ebstein’s anomaly as it presents in the 
fetus and neonate to define the factors that determine the 
outcome. In addition, we will describe in detail the natural 
history in this group of patients. 
Methods 
Study patients. Sixteen consecutive patients with Eb- 
stein’s anomaly and concordant AV connections who pre- 
sented in the fetal (5 patients) and neonatal (11 patients) 
period at our institution between 1979 and 1988 constitute 
the study cohort. The youngest patient entered the study in 
utero at 20 weeks’ gestation and the oldest patient entered on 
the 3rd day of life. We reviewed the echocardiograms, 
medical records, chest radiographs and electrocardiograms 
(ECGs) of all patients. We also reviewed the hemodynamic 
data and angiograms from five patients who underwent 
cardiac catheterization, the operative reports of three pa- 
tients and the pathologic specimens of three patients, and 
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Figure 1. Patient 5. Two-dimensional 
echocardiographic display of Eb- 
stein’s anomaly in a 1 day old neo- 
nate. Top left, Parastemal long-axis 
(PLAX) view demonstrating left ven- 
tricular (LV) compression (arrow), 
right atria1 (RA) dilation and a thick 
and redundant septal leaflet (SL) of 
the tricuspid valve. Top right, Subcos- 
tal coronal (S COST COR) view 
showing marked dilation of the atrial- 
ized area of the right ventricle (ARV), 
multiple tethered attachments (left- 
ward pointing arrowheads) of the large 
“sail-like” anterosuperior leaflet 
(rightward pointing arrowheads), a 
small functional right ventricle (RV) 
and the right coronary artery (RCA) in 
the atrioventricular (AV) groove. Bot- 
tom left, Subcostal coronal view with 
cranial angulation demonstrates ex- 
tensive tethering (arrowheads) of the 
anterosuperior leaflet (ASL) and 
marked dilation of the atrialized por- 
tion of the right ventricle (ARV). The 
position of the AV groove is indicated 
by an asterisk. Bottom right, Subcos- 
tal coronal (S COST COR) view dem- 
onstrating tethering (arrows) of the 
anterosuperior leaflet (ASL), dis- 
placement of the anterosuperior 
leaflet to near the right ventricular 
outflow tract (RVOT) and marked di- 
lation of the right atrium (RA). The 
inferior leaflet (IL) is adherent to the 
underlying thin right ventricular wall 
(RVW) and there is a pericardial effu- 
sion (E). A = anterior; A0 = aorta; 
I = inferior; L = left; P = posterior; 
R = right; S = superior. 
correlated these findings with the echocardiographic find- 
ings. 
Echocardiography. Complete echocardiograms were per- 
formed using the full complement of parasternal, subcostal, 
apical and suprasternal transducer locations to obtain two- 
dimensional images and range-gated pulsed wave and con- 
tinuous wave Doppler flow recordings. The four principal 
morphologic features of Ebstein’s anomaly (namely, abnor- 
mal proximal and distal tricuspid valve attachments and 
tricuspid valve and right ventricular dysplasia), associated 
flow disturbances, additional morphologic features of possi- 
ble prognostic importance and associated cardiovascular 
anomalies were analyzed in the course of performing a 
complete echocardiogram. The presence of pericardial, pleu- 
ral and ascitic serous effusions was noted. Echocardiograms 
were reviewed in a nonblinded fashion. 
Definitions. There are several morphologic features that 
require definition and clarification. Tethering of the valve 
leaflet was considered to be present if there were multiple 
(23) accessory attachments of the leaflet to the ventricular 
wall, causing restriction of motion of the valve leaflet (Fig. 1 
and 2). We defined valvular dysplasia as the presence of 
valvular thickening, nodularity and irregularity, and defined 
right ventricular dysplasia as the presence of decreased wall 
thickness (wall thickness <2SD), dilation (chamber dimen- 
sions >2SD) and dyskinesis (paradoxic septal motion, par- 
adoxic systolic expansion of the atrialized right ventricle or 
markedly decreased wall motion) of the atrialized or func- 
tional right ventricle, or both (Fig. 1 and 3). Marked enlarge- 
ment of the right atrium and atrialized right ventricle was 
considered to be present if the combined area of the right 
atrium and atrialized right ventricle was larger than the 
combined area of the functional right ventricle, left atrium 
and left ventricle measured in the apical four chamber view 
at end-diastole (Fig. 4). Left ventricular compression was 
defined as narrowing of the left ventricular outflow tract in 
the parasternal long-axis view due to leftward bulging of the 
ventricular septum. 
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Figure 2. Patient 7. Apical four chamber view of a 24 weeks’ 
gestation fetus with Ebstein’s anomaly. Multiple sites of tethering of 
the anterosuperior leaflet of the tricuspid valve are indicated by 
arrowheads. The septal leaflet that adheres to the right ventricular 
(RV) wall is indicated by downward pointing arrows, the right atrium 
(RA) is markedly enlarged, the ventricular septum is bulging left- 
ward and the left atrium (LA) is compressed. Abbreviations as in 
Figure 1. 
Statistics. The study patients were classified into two 
groups on the basis of survival at 3 months of age. Seven 
patients died at <3 months of age (Group 1), and nine 
patients survived for >3 months (Group 2). The differences 
in the incidence of morphologic and clinical features in 
Group 1 versus Group 2 patients were compared with use of 
Fisher’s exact test. Statistical significance was inferred at 
p < 0.05. Because of the low statistical power due to the 
relatively small sample size, features compared with p < 
0.10 are presented as a notable trend. 
This study conforms to the guidelines of the University of 
California-San Francisco Human Research Committee re- 
garding the conduct of retrospective reviews of clinical 
material. 
Results 
Morphologic Features 
Morphologic risk factors. The echocardiographically de- 
fined morphologic features of Ebstein’s anomaly for the two 
groups are presented in Table 1. Comparing Groups 1 and 2, 
the respective incidence rates of morphologic features asso- 
ciated with a high probability (p < 0.05) of early death 
include right ventricular dysplasia (Group 1 versus Group 2 
incidence 86% versus O%), tethered distal attachments of the 
anterosuperior leaflet (86% versus 1 l%), marked right atria1 
and atrialized right ventricular enlargement (57% versus 0%) 
and left ventricular compression (Fig. 1) due to leftward 
bulging of the ventricular septum (71% versus 11%). Right 
ventricular dysplasia was present in all patients with marked 
right heart enlargement, in 86% of those with tethered 
anterior leaflets, and 83% of those with left ventricular 
compression; 86% of those with right ventricular dysplasia 
had tethered distal attachments. 
Notable trends. Higher incidence rates of additional mor- 
phologic features in the early mortality group (Group 1) 
included inferior displacement of the proximal attachments 
of the inferior leaflet, with tethering of this leaflet to the 
ventricular wall (71% versus 22%), and pulmonary valve 
stenosis or atresia (57% versus 11%). The probability of the 
intergroup difference in the incidence of these features 
occurring by chance was p < 0.072. 
Common morphologic features. Inferior displacement of 
the proximal attachments of the septal leaflet, multiple valve 
leaflet dysplasia and tricuspid regurgitation were present in 
all patients. Morphologic features of similar incidence in 
both groups included inferior displacement of the anterior 
leaflet proximal attachments, atria1 septal defect, ventricular 
septal defect and patent ductus arteriosus. 
Confirmation of echocardiographic findings. Cardiac 
catheterization and cineangiography were performed in five 
patients, pathologic specimens from three patients were 
examined and intraoperative inspection was performed in 
three patients. Six of the seven patients in Group 1 had 
confirmation of the echocardiographic findings by at least 
one method, and two of the nine patients in Group 2 
underwent cardiac catheterization with cineangiography. In 
all patients in whom cineangiographic results, operative 
inspection or pathologic diagnosis was available, there was 
concordance with the echocardiographic findings. 
Clinical Features 
Clinical risk factors. The clinical features of Ebstein’s 
anomaly for the two groups are presented in Table 2. 
Comparing Groups 1 and 2, the features associated with 
early mortality are, respectively, persistent congestive 
heart failure (100% versus 22%), mechanical ventilation 
(100% versus 22%) and low birth weight for gestational age. 
Because of the death of one fetus at 35 weeks’ gestation, 
some clinical features were analyzed in only six patients in 
Group 1. 
Notable trends. Palliative surgery (50% versus O%), the 
presence of noncardiovascular anomalies (50% versus O%), 
fetal presentation (67% versus 11%) and nonimmune hy- 
drops (83% versus 22%) were more common in the early 
mortality group (Group 1) than in the group of patients who 
survived (Group 2). The probability of the intergroup differ- 
ence in incidence of these features occurring by chance was 
p < 0.072. Surprisingly, five of the six patients with Wolff- 
Parkinson-White syndrome survived (17% versus 56% in 
Group 1 versus Group 2, respectively); however, this differ- 
ence was not statistically significant (p = 0.15). 
Noncardiovascular anomalies in three patients, Down’s 
syndrome in one and mild craniofacial and digital/ 
JACC Vol. 14, No. 5 
November I, 1989: 1300-7 
Figure 3. Patient 9. Subcostal two- 
dimensional echocardiographic dis- 
play of Ebstein’s anomaly in an infant 
on day 1 of life. Upper left, Subcostal 
sagittal view (S Cost Sag) demon- 
strates a thick inferior leaflet of the 
tricuspid valve (arrows) that adheres 
to the inferior right ventricular (RV) 
wall. There is a small functional right 
ventricle and ascites (ASC). Upper 
right, Slight rightward angulation of 
the transducer in the subcostal sagit- 
tal position shows adherence of the 
inferior leaflet (IL) to the thin inferior 
wall of the atrialized right ventricle 
(RVW) and displacement of the an- 
terosuperior leaflet (ASL) toward the 
right ventricular outflow tract (RVO) 
in this diastolic frame. Lower left, 
Subcostal coronal (S Cost Cor) view 
demonstrating adherence of the infe- 
rior leaflet extending from the valve 
origin at the atrioventricular groove 
(AVG) for some distance toward the 
apex (arrows). The position of the 
anterosuperior leaflet is indicated by 
arrowheads. Lower right, Subcostal 
coronal view with slight posterior an- 
gulation of the transducer shows the 
displacement of the origin of the 
thickened inferior leaflet (IL) from 
the atrioventricular groove (marked 
with an asterisk) and the thickened 
anterosuperior leaflet (ASL) with 
focal (normal) distal attachment. 
DA0 = descending aorta; PA = pul- 
monary artery; RAA = right atrial 
appendage; RPA = right pulmonary 
artery; other abbreviations as in Fig- 
ure 1. 
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Figure 4. Apical four chamber (A 4 CH.) two- 
dimensional echocardiograms from two neonates with 
Ebstein’s anomaly demonstrating planimetered areas of 
the right atriumlatrialized right ventricular chamber 
(RA) versus the combined area of the functional right 
ventricle (RV), left atrium (LA) and left ventricle (LV) 
measured during early systole. Top left, Patient 13. The 
right atriumlatrialized right ventricular chamber (RA) 
area is less than the combined area of the remaining 
chambers in a patient who survived for >3 months. Top 
right, Same frame without planimetered areas. Bottom 
left, Patient 1. Echocardiogram, from a neonate who 
died in the first week of life, showing the combined area 
of the right atrium and atrialized right ventricle (RA) to 
be greater than the combined area of the remaining heart 
chambers. Bottom right, Same frame without planime- 
tered areas. Eff = effusion; TV = tricuspid valve; other 
abbreviations as in Figure 1. 
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Table 1. Morphologic Features of Ebstein’s Anomaly in the Fetus 
and Neonate 
Morphologic Feature 
Right ventricular 
dysplasia 
Group 1 Group 2 
Died Survived 
(n = 7) (n = 9) 
6 0 
p Value* 
0.001 
Tethered anterior leatlet 6 1 0.006 
Massive “RA” chamber 4 0 0.019 
LV compression 5 1 0.023 
Displaced inferior leaflet 5 2 0.070 
Pulmonary stenosisiatresia 4 1 0.072 
Displaced septal leaflet 7 9 NS 
Displaced anterior leaflet I 1 NS 
Dysplastic septal leaflet 7 9 NS 
Dysplastic inferior leaflet I 9 NS 
Dysplastic anterior leaflet 7 9 NS 
Extreme SL displacement 1 1 NS 
Absent septal leaflet 0 0 NS 
ASD 4 4 NS 
VSD I 1 NS 
PDA 5 5 NS 
*From Fisher’s exact test. ASD = atrial septal defect; LV = left 
ventricular; NS = not significant; PDA = patent ductus arteriosus; “RA” = 
combined area of right atria1 and atrialized right ventricular chamber; SL = 
septal leaflet; VSD = ventricular septal defect. 
dermatoglyphic abnormalities in two did not contribute to 
cardiovascular compromise, but were more common in the 
early mortality group (Group 1). 
Common clinical features. Clinical features present in all 
patients in both groups include a systolic murmur, hepato- 
megaly, low systemic arterial oxygen saturation (transient in 
most surviving patients) and an abnormal ECG. All patients 
had cardiomegaly, and there was no difference in the mean 
cardiothoracic ratio between the early (Group 1) and late 
(Group 2) mortality groups, although no patient with a 
cardiothoracic ratio of ~74% died and neither of the two 
patients with a ratio of 100% survived. Male/female ratios 
were similar in both groups, and there was no significant 
difference in gestational age between the two groups. One 
patient in each group had a history of maternal lithium use 
during pregnancy. 
Mortality and follow-up. The overall 3 month mortality 
rate of patients with in utero diagnosis or symptoms, or both, 
was 80%. Forty-four percent of all patients died at <3 
months of age. Follow-up data are available in eight of the 
nine patients who survived for >3 months. All eight are 
alive, with the duration of follow-up ranging from 14 months 
to 5 years, and all have normal or near normal growth and 
development, little or no congestive heart failure and little or 
no cyanosis. None of these patients has had palliative, 
plication, valvulopasty or valve replacement surgery. 
Ebstein’s Anomaly in the Fetus 
Five patients with Ebstein’s anomaly presented in the 
fetal period. One was referred because of maternal lithium 
therapy, two were referred because of cardiomegaly and 
hydrops noted on an obstetric sonogram and two were 
referred for tachycardia noted during obstetric heart rate 
monitoring. Four of the five fetuses had cardiomegaly due to 
a markedly dilated right atrium and atrialized right ventric- 
ular chamber associated with tricuspid regurgitation. All 
four fetuses who died had tethered distal attachments of the 
anterosuperior leaflet, and three had anatomic obstruction to 
pulmonary blood flow. Enlarging serous effusions was a sign 
of impending death. The only fetus who survived had 
supraventricular tachycardia controlled with digoxin and 
none of the morphologic features associated with a poor 
prognosis. 
Discussion 
Morphologic Features 
This study provides a detailed morphologic analysis and 
presents associated clinical findings in the fetus and neonate 
to provide a perspective of the early natural history and 
Table 2. Clinical Features of Ebstein’s Anomaly in the Fetus 
and Neonate 
Clinical Feature 
Group 1 Group 2 
Died Survived 
(n = 6) (n = 9) p Value 
Congestive heart failure 
Mechanical ventilation 
Mean birth weight (g) 
Palliative surgery 
Noncardiovascular 
anomaly 
Fetal presentation 
Serous effusions 
Prostaglandin infusion 
Cardiothoracic ratio (%) 
WPW 
Mean gestational age 
(wk) 
Male/female ratio 
Cyanosis 
Systolic murmur 
Hepatomegaly 
Abnormal ECG 
Atria1 flutter/fibrillation 
Cardiomegaly 
Cardiac catheterization 
Maternal lithium 
6 2 0.006 
6 2 0.006 
2,400 + 829 3,270 k 565 0.013t 
3 0 0.063 
3 0 0.063 
4* 1 0.072 
5* 2 0.088 
3 1 0.132 
84 t 12.5 15 r 10.5 0.140t 
1 5 0.151 
36 ? 4.3 38 k 2.3 NSt 
413% 415 NS 
6 7 NS 
6 9 NS 
1* 9 NS 
6 9 NS 
I 1 NS 
7* 7 NS 
3 2 NS 
1* 1 NS 
*n = 7 (includes one fetal death); all others n = 6 (excludes fetal death.); 
tp value from unpaired t test, other p values from Fisher’s exact test. ECG = 
electrocardiogram; NS = not significant; WPW = Wolff-Parkinson-White 
syndrome. 
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developmental aspects of Ebstein’s anomaly. Exclusion of 
the fetal patients, in whom mortality rates have not been 
previously reported, and exclusion of neonatal patients, in 
whom the reported mortality rate is 32% to 52% (7,8,10,14), 
from studies that do not focus on these groups fails to 
provide a complete representation of the natural history and 
developmental aspects of Ebstein’s anomaly. Our results 
demonstrate a constellation of morphologic features that are 
accurately defined echocardiographically in the fetus and 
neonate and are highly predictive of outcome at 3 months of 
age. Patients presenting in the prenatal or perinatal period 
with tethered anterosuperior leaflets and a dysplastic dilated 
right atrium and ventricle have an extremely poor prognosis. 
Anterosuperior leaflet distal attachments. Our data dem- 
onstrate the prognostic importance of this morphologic 
feature in the fetus and neonate and illustrate the utility of 
subcostal imaging in defining the attachments of this leaflet 
(Fig. 3). In this series, as in the series consisting of mainly 
older patients reported by Shiina et al. (11,12) and Leung et 
al. (13), the distal attachments of the anterosuperior leaflet 
are of major importance in determining function and out- 
come. 
Constellation of morphologic risk factors. Right ventricu- 
lar dysplasia, marked right atria1 and atrialized right ven- 
tricular enlargement, left ventricular compression and 
anterosuperior leaflet tethering commonly coexist. This con- 
stellation of morphologic features portends an extremely 
poor prognosis. 
Multiview analysis. By performing careful echocardio- 
graphic examination from multiple views, rather than relying 
primarily on the apical four chamber view (11,12), additional 
morphologic features of importance were found. Left ven- 
tricular compression is best viewed from the parasternal 
long-axis position, and the subcostal views are essential for 
defining the attachments of the inferior leaflet, which cannot 
be imaged consistently well from any other view, except 
from the parasternal long-axis position with rightward angu- 
lation (Fig. 5). Furthermore, high quality images of most of 
the important prognostic features can be obtained from the 
subcostal position (Fig. 1 and 2). 
Similar risk factors in older patients. Further comparison 
of our echocardiogaphic results with those of Shiina et al. 
(11,12) shows several similarities. Although we used dif- 
ferent indexes of right heart dilation and dysplasia, it is 
evident and well demonstrated echocardiographically that 
the severity of these deformities correlates with poor out- 
come. Right ventricular thinness, dilation and dyskinesis 
typically accompany tethering of the distal attachments of 
the anterosuperior leaflet at any age. Both their studies and 
ours demonstrate aneurysmal dilation of the right ventricular 
outflow tract to be a risk factor for poor outcome; however, 
in our study, all patients who had this feature had a dysplas- 
tic right ventricle and no patient had aneurysmal dilation in 
the absence of right ventricular dysplasia. Therefore, it may 
Figure 5. Parastemal long-axis (PLAX) view with rightward angu- 
lation of the transducer demonstrating adherence of the thick 
inferior leaflet of the tricuspid valve (arrowheads) to the left ventric- 
ular (LV) wall, the large anterosuperior leaflet (ASL) and the dilated 
right atrium (RA) and right atria1 appendage (RAA). Abbreviations 
as in Figure 1. 
not be a separate risk factor. We could not demonstrate a 
correlation between extreme septal leaflet displacement or 
linear distal attachments of the anterosuperior leaflet and 
poor outcome in our series because there were only two 
patients (one in each group) with both features present. 
Because distal linear attachments can be regarded as the 
most extreme form of tethering of the distal attachments, we 
believe that a larger number of patients with this feature 
would probably support the conclusion of Leung et al. (13) 
that this morphologic feature is associated with a poor 
prognosis. Shiina et al. (12) also reported that absence of the 
septal leaflet predicted poor functional capacity. There were 
no patients in our series with this feature. We have examined 
one patient with congenital partially unguarded tricuspid 
orifice and pulmonary atresia diagnosed in utero. This pa- 
tient was extremely hydropic and cyanotic and died on the 
2nd day of life. At autopsy, the septal leaflet and inferior 
leaflets were absent and a large saillike anterosuperior leaflet 
had normal proximal attachments and focal distal attach- 
ments. 
Having compared the results of these two studies, we 
conclude that the morphologic determinants of poor out- 
come in the younger and older patients are similar. How- 
ever, the fetus or neonate with unfavorable morphologic 
features is at high risk of dying at <3 months of age, whereas 
the older child with unfavorable morphologic features who 
has survived the neonatal period may be more likely to have 
poor cardiac function and require plication, valve replace- 
ment or a cavopulmonary anastomosis. Additional morpho- 
logic features of prognostic importance (described earlier) 
and the value of subcostal imaging are apparent in the 
younger patients. 
Associated anomalies. Obstruction to pulmonary blood 
flow is the only associated cardiovascular lesion more com- 
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mon in the early mortality group than in the surviving group 
in this series. In contrast Kumar et al. (7), in a study of 55 
children with Ebstein’s anomaly, 12 of whom were diag- 
nosed in the first few days of life, found increased mortality 
in patients with associated cardiovascular anomalies. Russo 
et al. (15) also noted increased mortality in patients with 
Ebstein’s anomaly with associated cardiovascular lesions 
including patent ductus arteriosus, atria1 and ventricular 
septal defects, subpulmonary stenosis and valvular pulmo- 
nary stenosis. An associated atria1 septal defect, ventricular 
septal defect or patent ductus arteriosus was not associated 
with early mortality in our series. We have also managed 3 
neonates (who were not included in the 16 patients analyzed 
in this study) with corrected transposition of the great 
vessels and Ebstein’s anomaly of the left AV valve; 1 of 
these infants also had a ventricular septal defect. These three 
patients did well in the neonatal period. From our series, we 
conclude that associated cardiovascular lesions may not be 
associated with a poorer outcome in very early life unless 
they impede pulmonary blood flow. 
Clinical Features 
Role of inadequate pulmonary blood flow and the need for 
intensive therapy. Cardiomegaly and cyanosis are common 
features of Ebstein’s anomaly in the neonate and were not 
consistently associated with a poor prognosis in our series or 
in that of Rowe et al. (14). Neonates may have congestive 
heart failure due to tricuspid regurgitation, cyanosis due to a 
right to left atria1 shunt and impressive cardiomegaly caused 
by right atria1 dilation, all of which improve with the post- 
natal decrease in pulmonary vascular resistance. However, 
if intensive therapy including mechanical ventilation, sym- 
pathomimetic agents and prostaglandin is required to main- 
tain an adequate pulmonary blood flow, systemic arterial 
oxygen content and cardiac output, the prognosis is poor. 
Only two of eight patients requiring mechanical ventilation 
survived (one with hydrops secondary to Wolff-Parkinson- 
White syndrome whose tachycardia converted to normal 
rhythm with digoxin and one with persistent pulmonary 
hypertension who was treated with colloids, prostaglandin 
E,, dopamine, hyperventilation and sodium bicarbonate). 
Neither of these patients had tethered distal attachments of 
the anterosuperior leaflet or a dilated, dysplastic and dyski- 
netic right heart. 
Palliative surgery. Palliative surgery is unlikely to suc- 
ceed in patients with unfavorable morphologic features, as 
demonstrated by our results and those of Rowe et al. (14). 
Because of persistent hypoxemia and radiographic pulmo- 
nary oligemia, palliative shunts were performed in two of the 
patients (a Blalock-Taussig and Glenn shunt in one patient 
and an aortopulmonary shunt in the other). Despite an 
associated increase in arterial oxygen saturation, neither 
patient survived. Both patients had persistent right heart 
dyskinesis and dilation with left ventricular compression 
resulting from leftward bulging of the ventricular septum and 
a persistent requirement for mechanical ventilation. One of 
these patients had autopsy-documented hypoplastic lungs. 
Another patient in Group 1 underwent patent ductus arteri- 
osus ligation because of persistent congestive failure with 
pulmonary edema and shunt vascular&y. He had an acute 
episode of bradycardia when the ductus was ligated and 
could not be resuscitated. The only patient to survive a 
surgical procedure in the newborn period was one with 
favorable morphologic features who underwent ductus arte- 
riosus ligation. There were no attempted valvuloplasty, 
prosthetic valve placement or plication procedures in this 
series. 
Ebstein’s Anomaly in the Fetus 
High relative incidence. Ebstein’s anomaly is one of the 
few congenital cardiac malformations that frequently causes 
in utero cardiac dysfunction resulting in cardiomegaly, hy- 
drops and tachyarrhythmias. Because these abnormalities 
are easily identified by obstetric sonography, we have found 
it to be one of the more common lesions referred to us by the 
obstetrician. Allan et al. (16) had a similar experience, with 
an unexpectedly high relative incidence of Ebstein’s anom- 
aly in the spectrum of heart disease detected in utero. 
Features contributing to high mortality. Although a de- 
tailed morphologic study of Ebstein’s anomaly presenting in 
utero has not been reported, this lesion has been success- 
fully diagnosed in utero (1618), and it has been shown that 
the hydropic fetus with AV valve regurgitation (17) or a 
congenital heart malformation (18) has an extremely high 
prenatauperinatal mortality rate. Sahn et al. (19) reported the 
association of congenital cardiac lesions with marked car- 
diomegaly in utero and pulmonary hypoplasia caused by a 
“space-occupying” etiologic factor similar to that seen in 
diaphragmatic hernia (20). We speculate that the large pleu- 
ral and pericardial effusions found in the hydropic fetus with 
Ebstein’s anomaly may also contribute to pulmonary hy- 
poplasia, thereby adversely affecting outcome. 
Conclusions. Echocardiography accurately defines the 
morphologic features of Ebstein’s anomaly in the fetus and 
neonate. The morphologic features strongly associated with 
death by 3 months of age in these patients are the presence 
of tethered distal attachments of the anterosuperior leaflet, 
marked right heart enlargement, right ventricular dysplasia 
and left ventricular compression, features that commonly 
coexist. Notable trends in the early mortality group are the 
higher incidence of inferior displacement of the proximal 
attachments of the inferior leaflet, with tethering or adher- 
ence of this leaflet to the right ventricular wall and the 
presence of pulmonary stenosis or atresia. 
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